Microaggregates begin to develop within a few hours of storage of blood in plastic or glass containers, but their numbers increase mainly towards the end of the first week. They include degenerated platelets, leucocytes, fibrin strands, denatured proteins and fragmented red cells, and range in size from 10 to 40/Am or more in diameter. The rate of formation is related to the platelet and leucocyte concentrations prior to storage and the anticoagulant used. While clinical and experimental evidence of deleterious pulmonary effects of these unwanted particles has been limited and contradictory, recent studies have demonstrated that significant increases in pulmonary arteriovenous shunting and alveolar-arterial oxygen differences occur in patients transfused more than 20% of their blood volume through the standard 170 /Am filters. These changes are not seen when the blood is passed through a 20 /Am Dacron wool filter. Other methods of reducing the microaggregate content of transfused blood include the use of fresh blood (less than 2 days), glycerol-frozen fresh blood correctly thawed, or saline-washed packed red cells. Since none of these is feasible for routine use at present, removal by microfiltration prior to transfusion is employed. Of the filters currently available, the 40 /Am screen filters appear to offer important practical advantages over the alternative depth filters. Routine filtration of all stored blood transfused is advocated.
Transfusion of stored blood is usually associated with the infusion of millions of unwanted particles which can easily pass through the filter of a standard giving set and subsequently occlude pulmonary capillaries. In the first few days of storage, most of these micro aggregates consist of platelets which have lost their viability, become adhesive and clumped together. Towards the end of the first week, the numbers are sharply increased by degenerated leucocytes, along with fibrin strands and fragmented red cells. , 
FACTORS AFFECTING MICROAGGREGATE CONTENT 1. Length of storage
The volume of microaggregates at the end of seven days' storage is almost doubled by fourteen days, and more than trebled at the end of twenty-one days. 4 
Platelet and leucocyte count
Platelet counts fall during the first week, while the leucocytes continue to clump throughout the storage period. The extent of formation of microaggregates is related to the concentration of leucocytes, and to a lesser degree, the platelets, prior to storage. 4 
Anticoagulants
Platelets clump more rapidly in Citrate Anaesthesia and Intensive Care, Vol. VlIl, No. 2, May, 1980 Phosphate Dextrose (CPD) blood which consequently contains more microaggregates than Acid Citrate Dextrose (ACD) blood in the first week. After this time there is no significant difference in microaggregate content in either preparation. In heparinised blood, aggregation progresses even more rapidly. I Blood anticoagulated in CPD contains more of the larger (32-79 /lm) particles than ACD blood (1O-31/-1m).5
Blood preparation
When blood is centrifuged, aggregates collect in the buffy coat and can be removed. Hence platelet-poor red cells which contain less than half the aggregate volume found in whole blood are preferable to platelet-rich packed cells. 6 While fresh blood (less than 2 days) contains few micro aggregates its use for routine transfusion is quite impractical. Glycerol-frozen fresh blood, thawed correctly, would be equally satisfactory. Saline washing of packed red cells is another alternative since up to 90010 of the microaggregates are removed by this process. The prospect that any of these products will be available on a large scale in Australia is remote at this stage (Bashir 1979, personal communication).
Fragility of platelet clumps
Microaggregates are unstable and frequently break down to form smaller emboli which proceed to form new platelet clumps. After centrifugation, the aggregates settle into the buffy coat and become larger. 4
EFFECTS OF MICROAGGREGATES
The pulmonary terminal precapillary arterioles which number some 270 million are 20 /-Im or less in diameter. The mean arteriolar diameter is 40 /-Im with an estimated 135 million being in this size range. 7
With each unit of one week old ACD whole blood, 15 million 20-40 /-Im diameter micro aggregates , and 20 million micro aggregates which are 40/-lm or more, can wash into the pulmonary capillary beds. 8 In dogs, this extensive microvascular occlusion results in swelling of capillary endothelial cells with interstitial and alveolar oedema. 9 Such changes are not seen when the microaggregates are removed by passage of blood through Dacron wool filters. The concomitant rise in pulmonary vascular resistance is related to the volume of blood transfused. lO However, baboons are better perfusion models than dogs and mimic more closely the faster developing pulmonary insufficiency seen in humans. 11 The response in humans to such a flood of micro aggregates is obviously dependent on many variables such as the pulmonary collateral circulation, the rate, volume and aggregate content of the transfusion, the haemodynamic status of the patient, the effects of vasoactive material in the platelet emboli and the rate of growth or dissolution of clots. 12 That stored blood can be injurious as a single factor has been demonstrated in patients transfused with 9-day-old blood during major surgery. When more than 20% of blood volume was infused without micro filtration, significant increases occurred in arteriovenous shunting and alveolar-arterial oxygen differences. I3 Nevertheless, though severely traumatised patients are afforded considerable protection from such effects by micro filtration , 14,15 it is well-known that large amounts of blood have been administered without classical evidence of pulmonary dysfunction. 16 ,17 The debate on the clinical significance of microaggregates remains unresolved,18 but it is generally acknowledged that removal of these unwanted particles is reasonable if the filters used are efficient and inexpensive and do not damage blood elements.
MICROPORE FILTERS
These may be classified as either screen or depth filters. Screen filters retain aggregates by mechanical sieving and allow exposure of blood to foreign surfaces only for a brief amount of time. Depth filters expose blood to a large foreign surface area. The adhesive particles are retained by adsorption on the randomly packed fibres.
There are five filters currently available in Australia: 
Effectiveness
The 40 JAm screen filter initially lowers SFP by some 80070 in comparison with the 99% reduction of SFP by depth filters. Particle size analysis before and after filtration confirms that the adsorption provided by depth filters removes most particles down to 20 JAm, while the 40 JAm screen filter removes only 30% of those between 20 and 40 JAm. Microaggregate volume studies also support these findings.
However, a screen filter becomes more efficient as more units are filtered because of the increasing role played by adsorption which effectively reduces pore size.
Flow and occlusion rates
All filters with the exception of the Swank allow, with gravity infusion, initial flow rates which are comparable to that of a control 170 JAm filter.
However, all filters occlude, during gravity flow, after 3 to 4 units of 3-week-old blood except for the screen filter (Pall) which will accept 8 to 10 units with little alteration in flow rate. With pressure infusion (250 mmHg) 1 to 2 extra units of blood can be administered through depth filters.
Effect on blood constituents
Red cell trauma is reflected by changes in plasma haemoglobin which increases slowly during storage, but rises sharply in blood infused at 250 mmHg pressure through depth filters. These changes are not evident when a 40 JAm screen filter is used.
Coagulation and fibrinolytic mechanisms are not altered by micro filtration of stored blood. Since platelets may be removed, especially by depth filters, filtration of fresh blood is not recommended if coagulation deficiencies are being managed. loll The loss of platelets in this manner is, however, of little consequence. ll 
Unloading
With new improved filters, release of debris or unloading is seldom a problem. Previously cellulose and Dacron wool fibres have been reported downstream of the Swank filter. 23 RECOMMENDA nONS 1. Microfiltration of all stored blood more than 4 days old. An efficient familiar routine is necessary to ensure this practice in situations in which it is most required. 2. The 40 JAm screen filter (Pall) offers the practical advantages of clinical effectiveness, ease of use and greater filtration capacity (and hence lower relative cost).
